Abstract. We describe Liophidium maintikibo, a new species of pseudoxyrhophiine snake from the dry deciduous forest of Kirindy, western Madagascar. The new species is related to Liophidium therezieni but differs by a lower number of ventral scales and several details of colouration. Its ventral scales have a large central black patch which is missing from the subcaudals. This predominantly black ventral side is similar to that of another enigmatic Malagasy snake, Pararhadinaea melanogaster, for which we here present evidence for two new locality records, Ankarana and Daraina in northern Madagascar. The phylogenetic relationships of P. melanogaster (the sole representative of a monotypic genus) have so far not been clarified. Similarities to Liophidium maintikibo may indicate affinities to Liophidium, but P. melanogaster differs from this new species by a lower number of ventrals, subcaudals, number of maxillary teeth and by a different dorsal colouration.
Introduction
The genus Liophidium Boulenger, 1896, currently contains eight species of small terrestrial snakes, including seven Malagasy taxa and one endemic of Mayotte in the Comoro islands. Species of the genus are morphologically rather similar. Liophidium has not been subjected to a comprehensive revision since the work of Domergue (1984a) who described three new species (L. apperti, L. therezieni, L. chabaudi) .
A recent molecular study suggests a relationship between Liophidium and species of Liopholidophis Mocquard, 1904 . The monotypic Pararhadinaea specimens of both these poorly known snake species.
Materials and methods
The snakes were generally anaesthetized by injection with chlorobutanol, fixed in either formalin or 95% ethanol, and subsequently stored in 70% ethanol. Muscle tissue samples were taken either from freshly killed snakes or from ethanol-fixed specimens 1-2 years after collection and preserved in 98% ethanol. Measurements were taken to the nearest millimeter with a caliper or a ruler. We follow Cadle (1996) A standard method was used for total genomic DNA extraction (Sambrook, Fritsch and Maniatis, 1989) . The complete cytochrome b gene was amplified with primers L14910, L14919 and H16064 (Burbrink, Lawson and Slowinski, 2000; modified by de Queiroz, Lawson and Lemos-Espinal, 2002) , and directly sequenced with L14903 (a 5 end of L14910), L-410 and H-391 (Nagy et al., 2003) .
All sequences were checked for their quality by eye, and for their mitochondrial origin (i.e., they were translated to amino acids and checked for stop codons as well as for higher substitution rates in third positions which is typical for coding sequences). Sequences were aligned manually.
Phylogenetic reconstructions were carried out using PAUP* 4b10 software (Swofford, 2002) . We performed parsimony analyses with 2000, and maximum likelihood heuristic searches with 100 bootstrap replicates, respectively. In the data set including outgroups, 410 of the total 1117 characters were parsimony-informative, and a single most parsimonious tree was found. For maximum likelihood analysis, the nucleotide substitution model HKY + I + G was selected using the Akaike information criterion (AIC). Bayesian analyses of phylogenetic inference (BI) were carried out using MrBayes v3.1.2 (Ronquist and Huelsenbeck, 2003) running 2×10 6 generations under the HKY + I + G substitution model selected by the software MrModeltest (Nylander, 2004) . In BI, the first 25% of the trees (5000 trees) were discarded, and the remaining 15 000 trees were evaluated.
New sequences determined in this study were deposited in GenBank under the accession numbers EU394719-EU394724. Data on voucher specimens and Genbank accession numbers are given in table 1. Material used for morphological comparisons is listed in the appendix. Pararhadinaea was omitted from genetic analyses since we had no tissue samples available.
Results

Liophidium maintikibo sp. n. (figs 1-3)
Pararhadinaea/Liophidium sp." Kirindy"-Glaw and Vences (2007): 430-431. Holotype. ZSM 2052/2007, collected near Kirindy research station (20
• 03 S, 44
• 39 E), el- (193 vs. 220-255) and colouration (e.g., presence of a light nuchal band, lack of a broad and well defined light lateral band, presence of a broad longitudinal mid-ventral stripe of oval blotches). It also differs from L. vaillanti by a smaller total length (255 mm vs. max. 858 mm, see comments on earlier available names below).
The new species resembles its apparent sister taxon Liophidium therezieni in most characters. It differs from the latter by having fewer ventral scales (193 vs. 218-235, table 2) and in several aspects of the dorsal and ventral colouration: upper labials predominantly dark, mostly with a small light marking each (vs. upper labials light, with sparse dark markings), broad dark lateral band (vs. no distinct lateral band), upper and lower dark margins of lateral band narrow (vs. equivalent lines broad), dorsolateral stripe absent or weak (vs. dorsolateral stripe broad), gular region heavily mottled with dark brown markings (vs. gular region with sparse dark markings), light ventral colouration bright yellow in life (vs. light ventral colouration pinkish white in life), ventral scales with a median oval blotch, forming one broad mid-ventral line (vs. ventral scales mostly with two lateral markings, forming two indistinct lateral rows), subcaudals immaculate (vs. subcaudals with lateral markings).
The new species differs from the two taxa of the morphologically similar genus Pararhadinaea (P. melanogaster melanogaster, P. m. marojejyensis) by a higher number of ventral scales (193 vs. 147-180) , a higher number of subcaudals (56 vs. 41-45), a high number of maxillary teeth (23 vs. 13-14) and by a different colouration (presence of a light nuchal band and no well defined strongly contrasting light and dark stripes).
Description of holotype.
Probably adult, sex unknown, in good state of preservation. Snoutvent length 205 mm, tail length 50 mm (total length 255 mm; tail length 19.6% of total length). Head length 7.4 mm, head width 3.8 mm; eye large, 1.1 mm in diameter, pupil round.
Ventral scales 193, three preventrals; cloacal plate divided; subcaudal pairs 56. Dorsal scales smooth, no apical pits; in 17-17-15 longitudinal rows; scale row reduction from 17 to 15 at level of ventral 119. Rostral scale broad, reaching onto the dorsal side of head. Internasals and pre- Table 2 . Mensural and meristic data of Liophidium therezieni. ToL -total length; SVL -snout-vent length; TL -tail length; V -ventrals; SC -subcaudals; HL -head length; HW -head width; ED -eye diameter; HT -holotype; PT -paratype (data from Domergue, 1984 We were not able to examine the dentition of the new species comprehensively due to the delicate nature of the only known specimen. However, we counted at least 23 maxillary teeth on the right maxilla, and noticed a small diastema, probably due to missing teeth.
After approximately three years in preservative overall ground colouration brown with small light and dark mottlings and longitudinal stripes. Dorsal head colouration brown, with small and partly diffuse dark vermiculations. Rostral, internasals, anterior 4/5 of prefrontals and most of the supraoculars creamish white to light brown with some diffuse darker shades and irregularly distributed tiny dark spots. Dark dorsal head colouration posteriorly gradually fading into a white, three dorsals wide nuchal band that ventrally connects with the white belly colouration. Nuchal band posteriorly sharply edged by a three dorsals wide dark brown collar. Lateral sides of the head dark brown; each upper labial with an irregular, somewhat centered large white marking. Gular region heavily mottled with irregular large white and dark brown markings.
The dorsal colouration consists of a dark lower lateral stripe with slightly darker upper and lower edges on dorsal scale rows 1-3, a light dorsolateral stripe on dorsal scale rows 4-7, and a diffuse dark vertebral stripe (3 dorsals wide), composed of tiny irregularly shaped dark markings on each scale.
Ventrals creamish white; a large black and somewhat irregularly shaped oval patch at center of each scale; the large patches form a broad mid-ventral longitudinal stripe, reaching from the first onto the penultimate ventral; ultimate ventral, cloacal plate and subcaudals without black central markings. Lateral edges of ventrals with tiny irregular dark markings, forming a diffuse longitudinal stripe; lateral markings on subcaudals broad, covering the entire outer margins of each scale.
The overall dorsal life colouration appeared to be reddish brown (based on slides taken in the field, see also fig. 6 , p. 431 in . The lightly coloured areas at the snout were creamish beige, the nuchal band and the light portions of the ventral side were bright yellow in life.
Habitat. The holotype was collected during the day near a dirt road in the forest of Kirindy. The vegetation at Kirindy consists of semiopen, deciduous dry forest. The snake was collected as it crossed a sandy path at 7.00 a.m.
Molecular relationships.
The molecular tree presented here ( fig. 4 ) is based on cytochrome b DNA sequences of most Malagasy Liophidium species, and only misses L. apperti and L. trilineatum. Monophyly of the included species of the genus is confirmed and strongly supported. The sister group of Liophidium (made up by the genus Liopholidophis; see is not supported, and the same is true for other intergeneric relationships, indicating that inclusion of additional markers ) is necessary to resolve these aspects of the topology. Exallodontophis albignaci, for which molecular data are here included for the first time, does not appear to be closely related to neither Pseudoxyrhopus nor Liophidium and its isolated position receives no relevant support. Within Liophidium, L. rhodogaster is placed as most basal species, L. chabaudi is placed sister to L. torquatum and L. maintikibo sister to L. therezieni. Hence, although several basal relationships among genera are not sufficiently resolved, the tree shows that Liophidium maintikibo is firmly nested within Liophidium and closely related to L. therezieni. The molecular differentiation between these two species is of of 11.8% uncorrected p-distance, at a similar level as between other well-established species of pseudoxyrhophiine snakes.
Earlier available names. Besides current species as listed in the diagnosis, two nomina exist in the genus Liophidium that need to be considered as possible earlier names of Liophidium maintikibo, namely Idiophis vaillanti var. extensa Boettger, 1913 (type locality: "Madagaskar"), and Wernerodakaria subpunctata (Werner, 1925) (substitute name for Dakaria subpunctata according to Williams and Wallach, 1989 ; type locality "Dakar, Senegambien" [in error]), both currently seen as junior synonyms of Liophidium vaillanti (Guibé, 1958; Glaw and Vences, 1994) . We have reexamined the types of both taxa and conclude that they strongly differ from L. maintikibo. The holotype of Idiophis vaillanti var. extensa (SMF 17152) has a high number of ventral scales (250), three longitudinal rows of oval blotches on the ventral side and a dorsal colouration that consists of five well-defined narrow dark longitudinal lines alternating with strongly contrasting lightly coloured longitudinal bands. The two syntypes of Wernerodakaria subpunctata (NMW 16860:1-2, female, male) also have high numbers of ventral scales (240 and 228, respectively), are much larger than L. maintikibo (total length 858 and 725 mm, respectively) and each possess a dorsal coloration of well-defined longitudinal dorsal lines and bands, including five narrow dark lines, a light broad lateral band, and a greyish broad vertebral band.
Etymology. The species name is used as a noun in apposition and is composed of the Malagasy adjectiv "mainty", meaning black, and "kibo", meaning venter. It refers to the large black central markings on the ventral scales of the new species.
Distribution. Liophidium maintikibo is only known from the type locality. However, Mori and Ikeuchi (2006: 42) distinct dark head cap. The head cap covers the upper portions of all upper labials, preoculars, postoculars, the frontal, supraoculars, and the parietals. A distinct cream patch covers the rostral, nasal, internasals as well as the prefrontals, and a thin black postocular bar extends from the anterior of the eye to the anterior of upper labial 7. The remaining portions of the upper and lower labials are immaculate white. A distinct cream nuchal collar (3 dorsals wide) bordered by thin black lines is also present. Ground colouration of dorsal scale rows light brown excluding the first three rows immediately following the light nuchal collar which share the dark brown colouration of the head cap. Dorsum with five dark longitudinal lines: a broad lateral band on dorsal scale rows 1-3 (with scale row 3 distinctly darker), a dark dorsolateral line on dorsal scale row 6 and a middorsal line on scale row 9, which is distinctly darker than the other lines. The longitudinal lines start immediately behind the nuchal band and extend along the entire length of the body, gradually fading on the anterior of the body and tail. Ground colouration of ventral surfaces of the head, neck and body creamish white-grey, slightly iridescent. Ventral surface of head dusted in places with dark grey. Venter and underside of tail usually with two complete lateral rows (incomplete in the juvenile ZSM 1613/2008) and one incomplete median row of irregular dark markings.
New data on Pararhadinaea melanogaster
The new species described above, Liophidium maintikibo, bears a few characters, especially the black colour on ventrals but not on subcaudals, that superficially resembles an enigmatic species of pseudoxyrhophiine snake from Madagascar, Pararhadinaea melanogaster. Beside a specimen with the unprecise locality information "Madagascar" (the holotype of Rhabdotophis subcaudalis Werner, 1909) , this species was so far known only from the type specimen from Nosy Be in the Sambirano region of Madagascar, and from the type specimen of P. melanogaster marojejyensis, from the Marojejy Massif in the North East (but see Cadle, 1999: 440, for problems with this locality). This prompted us to examine further material of P. melanogaster to assess its morphological variability. Two specimens of this species were available to us, both collected by APR and colleagues in northern Madagascar, and both constituting new locality records for the species.
UADBA 18586 (Ankarana Special Reserve; see Appendix for comprehensive collection data): snout-vent length 247 mm, tail length 43 mm (total length 290 mm); small rostral (not visible from above), quadratic internasals; no loreal; prefrontals larger than internasals; supraoculars large, roughly oval in shape; 7/7 upper labials (3 + 4 in contact with eye); one preocular, 3/2 postoculars; 1 + 2 + 3 temporals; head as broad as body (head width 5.1 mm; head length 9.3 mm); eye small, 0.8 mm in diameter (9% of head length); 17 dorsals, 180 ventrals, cloacal plate divided, 42 subcaudal pairs. This specimen is reproduced in fig. 6 , and has also been shown by . UADBA 30054 (Andranotsimaty forest, Daraina Conservation Site) is a juvenile with a damaged head in poor state of preservation: snout-vent length 86.5 mm, tail length 29.5 mm (total length 116 mm), 17 dorsals, 187 ventrals, cloacal plate divided, ca. 45 subcaudal pairs. This specimen was collected under a rotten log in the morning around 10:00 a.m. within open canopy dry transitional semi-deciduous forest. The habitat was intensively disturbed by artisan gold extraction and cattle grazing. When uncovered, the snake tried to escape by burrowing into the sandy soil.
The dorsal colouration of both specimens consists of two whitish, two light brown and three dark brown stripes: the first dorsal scale row is creamish white with tiny faint brown markings; a dark brown lower lateral stripe on dorsal scale rows 2, 3 and the lower half of row 4; a thin white line on the upper half of dorsal scale row 4 and the lower half of row 5; a narrow dark brown stripe on the upper half of dorsal row 5 and lower half of row 6; two broad light brown to creamish paravertebral stripes on dorsal scale rows 6-8; a dark brown vertebral line on dorsal scale rows 8 and 9. The ventrals are creamish white, each with a large, centered, oval, black patch that covers most of the scale. The dark blotches form a row from the first onto the penultimate ventral. Ultimate ventral, cloacal plate and subcaudals without black central markings.
Discussion
Liophidium maintikibo resembles Pararhadinaea melanogaster (including P. m. marojejyensis) in several external characters: small total length (up to 290 mm in P. melanogaster), a similar number of ventral and subcaudal scales (147-180 ventrals and 41-45 subcaudals in P. melanogaster), lack of a loreal scale, only seven upper labials, a dorsal pattern of five dark longitudinal stripes, a belly pattern consisting of a single row of large dark patches from the first to the penultimate ventral and an immaculate ventral tail. Cadle (1999) already stressed the close relationships of Liophidium and Pararhadinaea. Both genera mainly differ in dentition characters (Cadle, 1999: table 5) , i.e., number of maxillary teeth (Liophidium 26-33; Pararhadinaea 13-14) and size of dentary teeth (Liophidium: all dentary teeth subequal; Pararhadinaea: posterior dentary teeth larger and more robust than anterior; less than 10 anterior dentary teeth). The comparably large number of at least 23 maxillary teeth in L. maintikibo is nearly within the above given range for Liophidium and clearly outside of the range of Pararhadinaea. Molecular data also place L. maintikibo near L. therezieni, and close to other species such as L. torquatum, which have unanimously been assigned to the genus Liophidium (e.g., Guibé, 1958; Domergue, 1984a; Ziegler et al., 1996; Cadle, 1999; . Nevertheless, the formal allocation of L. maintikibo to Liophidium remains somewhat provisional due to the lack of L. trilineatum Boulenger, 1896 (the type species of Liophidium according to Williams and Wallach, 1989) and Pararhadinaea melanogaster in the molecular analysis.
Liophidium maintikibo is currently known from a single specimen, L. therezieni from seven specimens, and Pararhadinaea melanogaster from five specimens. In almost all cases only a single specimen of these species was collected from one locality. Nevertheless, our data indi-cate that the extent of occurrence of these snakes is not necessarily small. P. melanogaster and L. therezieni may in fact occur across northern Madagascar, and L. maintikibo (if the Ampijoroa locality is confirmed) across a wide range in the West and North West. Whether the extreme rareness of captures reflects real rareness of these snakes in their environments or secretive habits remains to be studied.
